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Description 

The present invention relates to an exhaust gas 
purification apparatus for an internal combustion 
engine installing an NOx (nitrogen oxides) absor- 
bent in an exhaust conduit of the engine, and 
particularly relates to an exhaust gas purification 
apparatus capable of recovering an NOx absorbent 
poisoned by sulfur oxides (SOx). 

Internal combustion engines capable of fuel 
combustion at lean air-fuel ratios (lean burn en- 
gines) have been noted as engines which can both 
improve fuel economy and suppress the exhaust of 
CO2. However, since a conventional catalyst (three- 
way catalyst) cannot purify NOx in exhaust gas 
from an engine operated at lean air-fuel ratios (that 
is, in exhaust gas including excess oxygen), cata- 
lysts or systems that can suppress the exhaust of 
NOx into the atmosphere even at lean air-fuel ratios 
are desired. 

For example, JP-A-5-302,508 (not prepublish- 
ed) proposes an exhaust gas purification apparatus 
wherein an NOx absorbent including lanthanum 
(La), which is one kind of rare-earth, and platinum 
(Pt) is installed in an engine exhaust conduit. In the 
apparatus, NOx is absorbed by the La during an 
engine operation at lean air-fuel ratios, and the 
NOx absorbed by the La is released from the. La at 
an engine operation at a stoichiometric or rich air- 
fuel ratio and is decomposed (or reduced) into N 2 . 

However, it has been found in tests executed 
for developing the present invention that if a high 
temperature and excess oxygen exhaust gas con- 
dition continues for a relatively long time period, 
the NOx absorption rate of the NOx absorbent 
decreases. 

One reason for such degradation of the NOx 
absorbent is presumed to be that SOx (for exam- 
ple, SO2 which is produced from sulfur contained 
in fuel) is oxidized to sulfate ion (SO* 2 ~), which is 
diffused into and is absorbed by the NOx absor- 
bent to form an obstinate sulfate which obstructs 
the absorption of NOx by the NOx absorbent. 

An object of the invention is to provide an 
exhaust gas purification apparatus for an internal 
combustion engine installing an NOx absorbent in 
an engine exhaust conduit wherein the NOx absor- 
bent poisoned by SOx is recovered to a nearly 
original non-poisoned state by controlling an opera- 
tion of the engine. 

The above-described object is achieved by an 
exhaust gas purification apparatus for an internal 
combustion engine in accordance with the present 
invention. The present invention is directed to an 
internal combustion engine capable of fuel com- 
bustion at lean air-fuel ratios and an exhaust con- 
duit connected to the engine, an NOx absorbent 
installed in the exhaust conduit, including at least 



one kind of element selected from the group con- 
sisting of alkaline earth, rare-earth, and alkaline 
metals or an oxide of the element, wherein the NOx 
absorbent absorbs NOx in exhaust gas including 

5 excess oxygen and releases the NOx which the 
NOx absorbent has absorbed when an oxygen con- 
centration of the exhaust gas decreases. The ap- 
paratus further includes operating condition detect- 
ing means for detecting an operating condition of 

10 the engine, operating condition determining means 
for determining whether the exhaust gas from the 
engine is in a condition wherein the exhaust gas 
includes excess oxygen and wherein the exhaust 
gas or NOx absorbent temperature is high, and 

15 exhaust gas oxygen concentration control means 
for decreasing the oxygen concentration of the 
exhaust gas flowing to the NOx absorbent when the 
operating condition determining means determines 
that the exhaust gas is in a condition wherein the 

20 exhaust gas includes excess oxygen and wherein 
the exhaust gas or NOx absorbent temperature is 
high. 

In tests conducted conducted for developing 
the invention, the following facts were found: When 

25 the exhaust gas included excess oxygen (exhaust 
gas from the engine operated at lean air-fuel ratios) 
and when the exhaust gas or NOx absorbent tem- 
peratures were high (for example, higher than 
550 °C in exhaust gas temperature), sulfate (for 

30 example, BaSO*) was formed in the NOx absor- 
bent carrying barium (Ba, one kind of alkaline 
earth) and the NOx absorbent was poisoned by 
SOx (SOx-poisoned). When the SOx-poisoned NOx 
absorbent was burnt in air at about 1100*C, the 

35 sulfate was decomposed to SO2, and the SO2 in 
the form of gas was released from the NOx absor- 
bent, so that the NOx absorbent was recovered 
nearly to an original, non-poisoned state. When the 
SOx-poisoned catalyst was burnt in decompressed 

40 air, the sulfate was decomposed and the NOx 
absorbent was recovered even at about 900 *C. 
Further, in a reducing gas condition (which cor- 
responds to exhaust gas containing no oxygen but 
reducing materials such as hydrocarbons, and cor- 

45 responds to, for example, exhaust gas from an 
engine operated at lean-air fuel ratios), the sulfate 
was decomposed and the NOx absorbent was re- 
covered even at about 550 0 C in exhaust gas tem- 
perature. 

50 The above-found facts are used in the appara- 
tus of the invention for recovering the NOx absor- 
bent installed in the engine exhaust conduit from 
the SOx-poisoning thereof. More particularly, when 
the operating condition determining means deter- 

55 mines that the engine exhaust gas is in a condition 
of excess oxygen and the engine exhaust or NOx 
absorbent temperature is high, the oxygen con- 
centration control means decreases the oxygen 
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concentration of the exhaust gas repeatedly or con- 
tinuously. When the oxygen concentration de- 
creases, the sulfate formed in the NOx absorbent is 
decomposed and is released from the NOx absor- 
bent so that the NOx absorbent is recovered. 

The above-described object and other objects, 
features, and advantages of the present invention 
will become more apparent and will be more read- 
ily appreciated from the following detailed descrip- 
tion of the preferred embodiments of the invention 
taken in conjunction with the accompanying draw- 
ings, in which: 

FIG. 1 is a schematic diagram of an exhaust gas 
purification apparatus for an internal combustion 
engine including an NOx absorbent, which is 
applicable to all embodiments of the invention; 
FIG. 2 is a schematic diagram of an exhaust gas 
purification apparatus wherein an NOx absorbent 
system includes a combination of an NOx ab- 
sorbent and a conventional three-way catalyst, 
which is applicable to all the embodiments of 
the invention; 

FIG. 3 is a diagram illustrating NOx absorption 
and release mechanisms of the NOx absorbent, 
which is applicable to all the embodiments of 
the invention; 

FIG. 4 is a diagram illustrating mechanisms of 
SOx-poisoning and recovery therefrom of the 
NOx absorbent, which is applicable to all the 
embodiments of the invention; 
FIG. 5 is a flow chart of a control routine of an 
operating condition determining means in accor- 
dance with a first embodiment of the invention; 
FIG. 6 is a flow chart of a flag control for 
repetition of lean and rich air-fuel ratio oper- 
ations in accordance with the first embodiment 
of the invention; 

FIG. 7 is a flow chart of a control routine of a 
rich air-fuel ratio condition repeatedly producing 
means in accordance with the first embodiment 
of the invention; 

FIG. 8 is a flow chart of a schematic fuel injec- 
tion control routine in accordance with the first 
embodiment of the invention; 
. FIG. 9 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a sec- 
ond embodiment of the invention; 
FIG. 10 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a third 
embodiment of the invention; 
FIG. 1 1 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a 
fourth embodiment of the invention; 
FIG. 12 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a fifth 
embodiment of the invention; 
FIG. 13 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a sixth 



embodiment of the invention; 
FIG. 14 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a sev- 
enth embodiment of the invention; 
5 FIG. 1 5 is a control flow chart of an exhaust gas 
purification apparatus in accordance with an 
eighth embodiment of the invention; 
FIG. 16 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a ninth 
w embodiment of the invention; and 

FIG. 17 is a control flow chart of an exhaust gas 
purification apparatus in accordance with a tenth 
embodiment of the invention. 
Preferred embodiments of the invention will be 
75 explained below with reference to drawings. 

Firstly, structures common to all embodiments 
of the invention will be explained with reference to 
FIGS. 1-4. As illustrated in FIG. 1, in an exhaust 
conduit 4 connected to an internal combustion en- 
20 gine 2 capable of fuel combustion at lean air-fuel 
ratios, an NOx absorbent 6 is installed which ab- 
sorbs nitrogen oxides (NOx) in exhaust gas includ- 
ing excess oxygen and releases the NOx which the 
absorbent has absorbed when an oxygen concen- 
25 tration of the exhaust gas decreases. 

The NOx absorbent 6 includes a carrier 6c of, 
for example, alumina (AI2O3) and at least one ele- 
ment 6b selected from the group consisting of (a) 
noble metal catalyst 6a having oxidizing and reduc- 
30 ing abilities, for example platinum (Pt) and a mix- 
ture of platinum and rhodium (Rh), (b) al- 
kaline.earth, for example barium (Ba), (c) rare-earth, 
for example lanthanum (La), and (d) alkaline metal, 
for example kalium (K), or an oxide of the element, 
35 each carried by the carrier 6c. The above-de- 
scribed element 6b carried by the carrier 6c may 
be replaced by a transition metal, for example 
copper (Cu). 

The NOx absorbent 6 of FIG. 1 may be re- 
40 placed, as illustrated in FIG. 2, by a combination of 
an NOx absorbent 6A having a weak catalytic abil- 
ity and a conventional, three-way catalyst 6B dis- 
posed downstream of the NOx absorbent 6A. The 
NOx absorbent 6A may be constructed of, for 
45 example, a double oxide of (a) transition metal (for 
example, Cu) and (b) alkaline earth, rare-earth, or 
alkaline metal each having an NOx absorbing abil- 
ity. Such absorbent 6A includes, for example, a Ba- 
Cu-0 base absorbent. 
50 NOx absorption and release mechanisms of the 

NOx absorbent 6 are illustrated in FIG. 3. More 
particularly, in an excess oxygen exhaust gas con- 
dition, NO and O2 react with each other at a 
surface of Pt to form NO2, which is diffused into 
55 the Ba layer (more exactly, the layer of Ba(OH) 2 , 
BaO) in the form of NO3"" so that NOx is absorbed 
by the Ba layer. In this instance, since NO has 
been oxidized to the form of NO2, the NOx can 
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easily react with Ba to be easily absorbed by the 
Ba layer. When the oxygen concentration of the 
exhaust gas decreases, the NOa" which has been 
absorbed in the Ba layer is released from the Ba 
layer and is changed to the form of NO2. The N0 2 
is then reduced to N 2 by the reducing materials 
such as HC and CO contained in the exhaust gas 
at the surface of Pt. 

SOx-poisoning and recovery mechanisms of 
the NOx absorbent are illustrated in FIG. 4. As 
illustrated in the left half portion of FIG. 4, SOx in 
the exhaust gas (for example, SO2) is oxidized to 
SO3 " and then to SO4 2 ~~ on the surface of Pt and 
the sulfate ion is diffused into the Ba layer to form 
sulfate (for example, BaSCX). Since the sulfate 
grows unlikely to be decomposed with the lapse of 
time, the sulfate should be decomposed within a 
relatively short time period by decreasing the oxy- 
gen concentration of the exhaust gas, for example, 
by changing the air-fuel ratio to a rich air-fuel ratio. 
When the oxygen concentration of the exhaust gas 
decreases, as illustrated in the right half portion of 
FIG. 4, the sulfate is decomposed to a sulfate ion 
in the vicinity of Pt, which is in turn reduced to 
SO2. The SO2 is gas and is easily released from 
the Ba layer. By producing the oxygen concentra- 
tion decreased condition repeatedly or continuously 
within a relatively short period of time, SOx-poison- 
ing of the NOx absorbent 6 can be suppressed. For 
example, in a case of repeatedly producing the 
oxygen concentration decreased condition, an op- 
eration mode wherein the engine is operated at 
lean air-fuel ratios for about two minutes and then 
operated at rich air-fuel ratios for about one half 
(1/2) to three (3) seconds is repeated. In this in- 
stance, when the exhaust gas or NOx absorbent 
temperature is high, the time period wherein the 
rich air-fuel ratio is maintained can be shortened. 

For conducting the recovery control from the 
SOx-poisoning of the NOx absorbent, various sen- 
sors and devices are provided. More particularly, 
exhaust gas sensors 10 and 10A are disposed in 
the exhaust conduit 4 upstream and downstream of 
the NOx absorbent 6, respectively, for the purpose 
of detecting the current exhaust gas temperature 
Te and the current NOx absorbent temperature. 
For the purpose of detecting the current engine 
operating condition, an engine load sensor (for 
example, an intake pressure sensor) 12 and an 
engine speed sensor 14 are provided. The engine 
speed Ne may be calculated from the output of a 
crank angle sensor housed in a distributor. These 
sensors 10, 12 and 14 constitute an operating 
condition detecting means for detecting the current 
engine operating condition. The outputs of these 
sensors 10, 12 and 14 are fed to an electronic 
control unit (ECU) 8. 



The ECU 8 may be constituted of a micro 
computer. As with a conventional micro computer, 
the ECU 8 preferably includes input and output 
interfaces, a read-only memory (ROM), a random 
5 access memory (RAM) for storing data temporally, 
and a central processor unit (CPU) for conducting 
calculation. The ECU may further include an ana- 
log/digital convertor which converts analog signals 
to digital signals when the fed signals are analog 
10 ones. Instruction signals which are the results of 
calculation at the CPU are sent from the output 
interface to an exhaust gas oxygen concentration 
control means 16 to control the oxygen concentra- 
tion of the exhaust gas. The exhaust gas oxygen 

75 concentration control means 16 includes, for exam- 
ple, an electronic control fuel injection valve which 
can control the air-fuel ratio by controlling an injec- 
tion amount of fuel. For reference, the oxygen 
concentration of exhaust gas is 0.3-0.5% at the 

20 stoichiometric air-fuel ratio, about 4% at the air-fuel 
ratio of 18, and 7-7.5% at the air-fuel ratios of 22- 
23. Usually, lean burn engines can be operated at 
air-fuel ratios above 22. 

Structures and operation specific to each em- 

25 bodiment will now be explained. 

FIGS. 5-8 illustrate the first embodiment of the 
invention wherein an oxygen concentration of ex- 
haust gas is decreased repeatedly when the ex- 
haust gas is in a condition of excess oxygen and 

30 high temperature. 

Control routines as shown in FIGS. 5, 6 and 7 
are provided for recovering an SOx-poisoned NOx 
absorbent 6. The control routines are stored in the 
ROM and called by the CPU where calculations are 

35 conducted in the order of calculations of FIGS. 5, 
6, and 7. The routine of FIG. 5 constitutes an 
operating condition determining means of the first 
embodiment of the invention for determining 
whether or not the current exhaust gas condition is 

40 in a condition of excess oxygen and high tempera- 
ture, and the routine of FIG. 7 constitutes an ex- 
haust gas oxygen concentration control means of 
the first embodiment of the invention for decreas- 
ing the oxygen concentration of exhaust gas when 

45 the current exhaust gas condition is in a condition 
of excess oxygen and the exhaust gas or NOx 
absorbent temperature is high. This control means 
includes means for repeatedly producing a rich air 
fuel-ratio for controlling fuel injection so that the air- 
so fuel ratio is repeatedly changed to a rich ratio. 

The control routine of FIG. 5 is entered at 
predetermined time intervals. The routine of FIG. 5 
is entered at step 100. Then, at step 102, the 
current engine operating conditions including an 

55 engine load P, an engine speed Ne, and an ex- 
haust gas temperature Te are entered. An output of 
the exhaust gas temperature sensor 10 is used for 
the exhaust gas temperature. The exhaust gas tem- 
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perature may be presumed from a map which 
stores the relationship between Te and P, Ne ob- 
tained tests. In a conventional fuel injection control, 
a fuel injection amount is determined based on P 
and Ne, and thus the air-fuel ratio has been deter- 
mined before the routine proceeds to step 102. 

Then, at step 104, a decision is made as to 
whether or not the current air-fuel ratio is lean (that 
is, greater than 14.7 in air-fuel ratio). If the air-fuel 
ratio is lean, the routine proceeds to step 106, 
where a decision is made as to whether or not the 
current exhaust gas temperature Te (or NOx ex- 
haust gas temperature) is equal to or higher than a 
predetermined temperature (for example, 550 *C in 
exhaust gas temperature and 500 *C in NOx absor- 
bent temperature). When the exhaust gas tempera- 
ture is high, the current condition is deemed to be 
a condition in which the air-fuel ratio is controlled 
so that it repeatedly becomes rich and then lean 
thereby recovering the SOx-poisoned NOx absor- 
bent, and the routine proceeds to step 108 where 
the lean and rich repeated control flag LRFLAG is 
set to "1". Then, the routine proceeds to step 112 
where the cycle ends. When the exhaust gas is not 
in a condition of a lean air-fuel ratio and high 
temperature, the current operating condition is 
deemed to be a condition in which no recovery 
control of the NOx absorbent is to be conducted, 
and the routine proceeds to step 110 where flag 
LRFLAG is cleared to "0". Then, the routine pro- 
ceeds to step 112 and the cycle ends. 

The routine of FIG. 6 is a routine for conduct- 
ing a flag control for the lean and rich air-fuel ratio 
repeated control. The routine is entered at step 
120. Then, at step 122, a decision is made as to 
whether or not the lean and rich repeated control 
flag LRFLAG is set at "1 ". If LRFLAG is not at "1 K , 
the current condition is not in a condition where the 
lean and rich repeated control for recovery of the 
NOx absorbent is to be conducted, and therefore 
the routine proceeds to step 1 38 and returns. 

If LRFLAG is set at "1 " at step 122, the routine 
proceeds to step 124. Then, a flag control is con- 
ducted so that the engine is operated at lean air- 
fuel ratios for a first predetermined time period and 
then at rich air-fuel ratios for a second predeter- 
mined time period and the lean and rich operations 
are repeated. More particularly, at step 124, a 
decision is made as to whether or not lean flag is 
set at M 1 w (this means, rich flag is set at "0"). If 
lean flag is set at "1 the routine proceeds to step 
126 where the lean operation time period is count- 
ed by, for example, adding a time interval of enter- 
ing the routine (delta t) to the counted lean opera- 
tion period (SLP) of the previous cycle. Then, at 
step 128, a decision is made as to whether or not 
the accumulated lean operation period (SLP) ex- 
ceeds a first predetermined period (for example, 



two minutes). If SLP does not exceed the first 
period, the current engine operating condition is a 
condition where the lean operation is to be main- 
tained, and the routine proceeds to step 138 where 

5 the cycle ends. If SLP exceeds the first period, the 
routine proceeds to step 130 where rich flag is set 
to "1 " (this means that lean flag is set to "0"), and 
then the routine proceeds to step 138 and returns. 
By this procedure, lean flag is set at "1" (rich flag 

w is set at "1 ") for the first period. 

If lean flag is not set at "1 " (rich flag is not set 
at "0"), the routine proceeds to step 132 where the 
rich operation time period (SRP) is counted by, for 
example, adding the interval (delta t) to the counted 

75 rich operation period of the previous cycle. Then, 
at step 134, a decision is made as to whether or 
not the accumulated rich operation period (SRP) 
exceeds a second predetermined time period (for 
example, 3 seconds). If SRP does not exceeds the 

20 second period, the rich operation should be main- 
tained, and therefore the routine proceeds to step 
138 where the cycle ends. If SRP exceeds the 
second period, the routine proceeds to step 136, 
where lean flag is set to "1" (this means that rich 

25 flag is set to "0"), and then the routine proceeds to 
step 138 and returns. By this procedure, rich flag is 
set at "1" (lean flag is set at "0") for the second 
period. 

Then, the routine of FIG. 7 is entered at step 

30 140. Then, at step 142, a decision is made as to 
whether or not the lean and rich repeated control 
flag LRFLAG is set at "1", that is, whether or not 
the current condition is in a condition where the 
recovering control of the SOx-poisoned NOx absor- 

35 bent should be conducted. If flag LRFLAG is set at 
"1" at step 142, the routine proceeds to step 144 
where a decision is made as to whether or not rich 
flag is set at "1" (this means that lean flag is set at 
M 0"). If rich flag is "1", the routine proceeds to step 

40 146 where a rich air-fuel ratio operation is con- 
ducted, and then proceeds to step 150 where the 
cycle ends. The rich air-fuel ratio control at step 
146 is executed by setting a rich control flag 
RCON (see FIG. 8) at "1". If LRFLAG is not "1" 

45 and if rich flag is not "1", the routine proceeds to 
step 148, where flag RCON is set at "0" and then 
proceeds to step 150 where the cycle ends. 

FIG. 8 illustrates a fuel injection control routine 
which is entered after the routine of FIG. 7, which 

so includes added steps 170 and 172. More particu- 
larly, the routine is entered at step 160. Then, at 
step 162, the current engine load P and the current 
engine speed Ne are entered. Then, at step 164, a 
basic fuel injection amount TP is determined based 

55 on the entered P and Ne, At step 166, various 
modification factors are determined. Then, at step 
168, fuel injection time period TAU is determined 
from the following equation: 
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TAU = alpha ' TP • (1 + K) 

Then, the routine proceeds to step 170 where a 
decision is made as to whether flag RCON deter- 
mined at steps 146 and 148 of FIG. 7 is "0" or not. 
If RCON is "0", the fuel injection control is normal 
and therefore the routine proceeds to step 174, 
where TAU is set and fuel injection is conducted 
for the period of TAU. Then, the routine proceeds 
to step 176 where the cycle ends. If flag RCON is 
"1" at step 170, the routine proceeds to step 172 
where TAU is changed to TAUR (a fuel injection 
period for making the air-fuel ratio rich) despite the 
calculation at step 168. Then, the routine proceeds 
to step 174, where TAU of TAUR is set. Then, the 
routine proceeds to step 176 where the cycle ends. 
In this way, the rich air-fuel control of step 146 of 
FIG. 7 is conducted. 

Operation of the first embodiment of the inven- 
tion will now be explained. NOx included in exhaust 
gas is absorbed by the NOx absorbent 6, so that 
the amount of NOx exhausted to the atmosphere is 
suppressed. However, the NOx absorption ability of 
the NOx absorbent 6 may gradually decrease due 
to SOx-poisoning when it is used for a long time 
period. For the purpose of recovering the SOx- 
poisoned NOx absorbent, the exhaust gas condition 
of excess oxygen and high temperature (for exam- 
ple, higher than 550 * C) is detected. 

In such an exhaust gas condition, recovery of 
the NOx absorbent 6 is possible. So, the lean and 
rich air-fuel ratio repeated control is executed 
wherein a lean air-fuel ratio operation is conducted 
for a first period (for example, two minutes) and 
then a rich air-fuel ratio operation is conducted for 
a second period (for example, three seconds). In 
the rich air-fuel ratio operation, the NOx absorbent 
is recovered according to the mechanism shown in 
the right half portion of FIG. 4. 

The reason why recovery of the NOx absorbent 
is conducted at temperatures higher than the pre- 
determined temperature (550 *C in exhaust gas 
temperature and 500 'C in NOx absorbent tem- 
perature) is that absorption of NOx is promoted 
more than generation of sulfate due to SOx so that 
the NOx absorbent is little SOx-poisoned at that 
temperature range. 

The reason why the rich air-fuel ratio operation 
is introduced before a relatively long period has 
elapsed is to recover the NOx absorbent before the 
SOx-poisoning proceeds to the interior of the NOx 
absorbent, that is, while only the surface portion of 
the NOx absorbent is SOx-poisoned, so that recov- 
ery is easy. If sulfate ions diffuse to the interior of 
the absorbent to form sulfate and the state is 
maintained for a long period of time, recovery of 
the NOx absorbent from the SOx-degradation is 



difficult. 

FIG. 9 illustrates the second embodiment of 
the invention wherein the oxygen concentration of 
exhaust gas is maintained at a decreased state 
5 continuously for a certain period of time when it is 
detected that the exhaust gas is in an excess 
oxygen condition and the exhaust gas or NOx 
absorbent temperature is high (higher than 550 • C 
in exhaust gas temperature and 550 0 C in NOx 

w absorbent temperature). By the decrease in the 
excess oxygen, the NOx absorbent is unlikely to be 
SOx-poisoned and is recovered from an SOx- 
poisoned state even if it is poisoned. 

More particularly, the routine of FIG. 9 is en- 

75 tered at step 200. Then, at step 202, the current 
engine operating conditions including an engine 
speed and an engine load are entered. At step 204, 
a current objective air-fuel ratio is determined 
based on the entered engine operating conditions. 

20 In a conventional air-fuel ratio control, the routine 
proceeds from step 204 to step 212 where fuel 
injection is conducted. However, in the second 
embodiment of the invention, steps 206, 208 and 
210 are added. More particularly, the routine pro- 

25 ceeds from step 204 to step 206 where the current 
NOx absorbent temperature (or exhaust gas tem- 
perature) is entered. Then, at step 208, a decision 
is made as to whether the oxygen concentration of 
the exhaust gas is high and the NOx absorbent 

30 temperature is high (for example, higher than 
500 *C). Step 208 constitutes an operating con- 
dition determining means of the second embodi- 
ment of the invention. If the exhaust gas is in an 
excess oxygen condition and the NOx absorbent 

35 temperature is high, the routine proceeds to step 
210 where the objective air-fuel ratio is changed 
from the ratio determined at step 204 to a 
stoichiometric air-fuel ratio. By this procedure, the 
oxygen concentration of exhaust gas is decreased 

40 continuously for a certain time period so that the 
NOx absorbent is unlikely to be SOx-poisoned. 
Step 210 constitutes an exhaust gas oxygen con- 
centration continuously decreasing means of the 
second embodiment of the invention. 

45 FIG. 10 illustrates the third embodiment of the 

invention. 

In a conventional air-fuel ratio control, fuel cut- 
ting is conducted in a deceleration time so as to 
improve fuel efficiency. However, if fuel cutting of 

so deceleration is conducted in a high temperature 
condition higher than 550 - C in exhaust gas tem- 
perature or higher than 500 *C in NOx absorbent 
temperature, SOx-poisoning of the NOx absorbent 
6 is promoted in the fuel cut, excess oxygen gas 

55 condition. For the purpose of preventing the SOx- 
poisoning, in the third embodiment of the invention, 
fuel cutting of deceleration is ceased in such a high 
temperature condition. For ceasing fuel cutting in 
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the high temperature condition, as illustrated in 
FIG. 10, steps 302 and 304 are added to the 
routine of FIG. 9. 

At step 302, a decision is made as to whether 
or not the current engine operating condition is in a 
condition where fuel cutting is to be conducted, for 
example whether or not the engine operating con- 
dition is in deceleration. If the engine operating 
condition is not in a condition where fuel cutting is 
to be conducted, the routine proceeds to step 21 2, 
and if the engine operating condition is in a con- 
dition where fuel cutting is to be conducted, the 
routine proceeds to step 304 where the fuel cutting 
is ceased and fuel cut flag is cleared. Then, the 
routine proceeds to step 21 2. By this procedure, in 
the condition that fuel cutting is to be conducted 
and the NOx absorbent temperature is high, fuel 
cutting is ceased so that SOx-poisoning of the NOx 
absorbent is suppressed. Other structures and op- 
eration of the third embodiment of the invention are 
the same as those of the second embodiment of 
the invention. Steps 302 and 304 constitutes a fuel- 
cutting ceasing means of the third embodiment of 
the invention. 

FIG. 11 illustrates the fourth embodiment of the 
invention. It has been found in tests for developing 
the invention that the NOx absorbent is SOx- 
poisoned only in a certain high temperature range, 
more particularly, in an exhaust gas temperature 
range of about 550 * C-750 * C (in an NOx absorbent 
temperature range of about 500 • C-700 • C). Deg- 
radation of the NOx absorbent due to SOx is not 
promoted at NOx absorbent temperatures higher 
than 700 • C. Thus, in the fourth embodiment of the 
invention, the exhaust gas oxygen concentration 
control means decreases the oxygen concentration 
only when it is found that the current exhaust gas 
temperature (or NOx absorbent temperature) is 
within the above-described temperature range so 
that the fuel economy of the engine is improved. 

For the purpose of conducting the control, as 
illustrated in FIG. 11, steps 402 and 404 are added 
to the control routine of the third embodiment of 
the invention (the routine of FIG. 10). At steps 402 
and 404, a decision is made as to whether or not 
the current exhaust gas temperature is within the 
range of 500 • C-700 • C (or the NOx absorbent tem- 
perature is within the range of 550* C-750 *C). Only 
when the temperature is within the range, the rou- 
tine proceeds to step 210 where the oxygen con- 
centration is decreased. In this instance, steps 402 
and 404 constitute an operating condition determin- 
ing means of the fourth embodiment of the inven- 
tion. Other structures and operation of the fourth 
embodiment of the invention are the same as those 
of the third embodiment of the invention. 

FIG. 12 illustrates the fifth embodiment of the 
invention. As discussed above, degradation of the 



NOx absorbent due to SOx in an excess oxygen 
gas condition is promoted only when the exhaust 
gas or NOx absorbent temperature is within a cer- 
tain temperature range. Thus, when it is found that 

5 the NOx absorbent temperature is in the tempera- 
ture range, the NOx absorbent temperature is in- 
creased to a temperature above that temperature 
range so that SOx-poisoning of the NOx absorbent 
is not promoted. In the fifth embodiment of the 

70 invention, when it is found that the exhaust gas or 
NOx absorbent temperature is in the temperature 
range, the ignition timing of the engine is delayed 
so that the exhaust gas or NOx absorbent tempera- 
ture is increased to a temperature above the tem- 

75 perature range. 

More particularly, in FIG. 12 which includes 
steps 502, 504, 506 and 508 added to the routine 
of FIG. 9, the routine proceeds from step 204 to 
step 502 where the current objective ignition timing 

20 is determined based on the current engine operat- 
ing condition. From steps 208 and 210, the routine 
proceeds to 504 where it is determined whether or 
not the NOx absorbent temperature is lower than 
700 'C. If the NOx absorbent temperature is not 

25 lower than 700 'C, the routine proceeds to step 
212. If the NOx absorbent temperature is lower 
than 700 *C, the routine proceeds to step 506 
where the objective ignition timing is delayed and 
then the routine proceeds to step 212. From step 

30 212, the routine proceeds to step 508 where igni- 
tion in accordance with the objective ignition timing 
is conducted. Then, the routine proceeds to step 
214. In this instance, steps 208 and 504 constitute 
an operating condition determining means of the 

35 fifth embodiment of the invention which determines 
whether or not the current NOx absorbent or ex- 
haust gas temperature is high and within the pre- 
determined temperature range. Steps 210, 506 and 
508 constitute an exhaust gas oxygen concentra- 

40 tion control means of the fifth embodiment of the 
invention which increases the NOx absorbent tem- 
perature to a temperature above the predetermined 
temperature range when it is found that the NOx 
absorbent temperature is in the temperature range. 

45 FIG. 13 illustrates the sixth embodiment of the 

invention. In the first through fifth embodiments of 
the invention, there is a need to provide a tempera- 
ture sensor to detect the exhaust gas or NOx 
absorbent temperature, or there is a need to pre- 

50 sume the exhaust gas or NOx absorbent tempera- 
ture based on the engine speed and engine load. 
Provision of the temperature sensor is accompa- 
nied by an increase in cost of the apparatus. The 
sixth embodiment of the invention aims to presume 

55 the exhaust gas or NOx absorbent temperature 
based on a vehicle speed without installing a tem- 
perature sensor. Therefore, an operating condition 
detecting means of the sixth embodiment includes 
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a vehicle speed sensor 18 (see FIGS. 1 and 2). In 
this instance, the higher the vehicle speed, the 
higher the exhaust gas or NOx absorbent tempera- 
ture is. The vehicle speed corresponding to the 
exhaust gas temperature 550 'C is about 100 
Km/h, 

More particularly, in FIG. 13, the routine pro- 
ceeds to from step 204 to step 602 where a 
decision is made as to whether or not the current 
vehicle speed exceeds the predetermined vehicle 
speed (for example, 100 Km/h). If the current ve- 
hicle speed exceeds the predetermined vehicle 
speed, the exhaust gas temperature is presumed to 
be high, and the routine proceeds to step 210. At 
step 210, the objective air-fuel ratio is changed to a 
stoichiometric air-fuel ratio, and then the routine 
proceeds to step 21 2. If the predetermined vehicle 
speed does not exceed the predetermined vehicle 
speed at step 602, the routine proceeds directly to 
step' 212. Step 602 constitutes an operating con- 
dition determining means of the sixth embodiment 
of the invention. Other structures and operation of 
the sixth embodiment of the invention are the same 
as those of the second embodiment of the inven- 
tion. 

FIG. 14 illustrates the seventh embodiment of 
the invention. When a low engine speed and low 
engine load operation continues for a long time 
period such as when a vehicle is running on a town 
street, the NOx absorbent temperature continues to 
be low and does not reach the switching tempera- 
ture (550 *C in exhaust gas temperature and 
500 ' C in NOx absorbent temperature) at which the 
air-fuel ratio is to be switched from the lean air- 
ratio to a rich air-ratio. As a result, SOx-poisoning 
of the NOx absorbent will be gradually promoted. 
In this instance, even at low temperatures, the NOx 
absorbent is poisoned though the poisoning is very 
slow. It was found in tests conducted in developing 
the present invention that when the NOx absorbent 
is poisoned by SOx at certain temperatures in an 
excess oxygen exhaust gas condition, the sulfur 
component (S0 2 ) will be released from the NOx 
absorbent if the SOx-poisoned NOx absorbent is 
heated at a temperature a little higher than the 
temperature at which the NOx absorbent has been 
SOx-poisoned, and the NOx absorbent will be re- 
covered. In case where the NOx absorbent is 
poisoned by SOx at relatively low temperatures, 
the reference temperature for determining whether 
or not the air-fuel ratio is to be switched to a rich 
air-fuel ratio can be set at a low temperature. In 
contrast, when a high temperature (for example, 
500 *C in NOx absorbent temperature) and lean 
air-fuel ratio operation continues for a relatively 
long time, the NOx absorbent temperature should 
be increased to a temperature (for example, 
600 *C) higher than the high temperature to re- 



cover the NOx absorbent, and thus the reference 
temperature for determining whether the air-fuel 
ratio is to be switched to a rich ratio should be set 
at a high temperature. In the seventh embodiment 
5 of the invention, to make an appropriate switching, 
the reference temperature for determining the 
switching timing is changed in accordance with the 
history of the temperatures that the NOx absorbent 
has experienced at lean air-fuel ratio operation. 
w More particularly, as illustrated in FIG. 14, step 

208 of FIG. 9 is replaced by steps 702-708 in FIG. 
14. The routine proceeds from step 206 to step 
702 where a decision is made as to whether or not 
the current objective air-fuel ratio is lean. If the 

75 current operation is not a lean air-fuel ratio opera- 
tion, the routine proceeds to step 706, and if the 
current operation is a lean air-fuel ratio operation, 
the routine proceeds to step 704 where an average 
absorbent temperature at the lean air-fuel operation 

20 is. calculated. For example, if the average absor- 
bent temperature of the past ten seconds is 400 • C 
and the current absorbent temperature of one sec- 
ond is 450 # C, the average absorbent temperature 
is 404 '0, calculated from equation: (400 X 10 + 

25 450 X 1)/11 = 404. Then, at step 706, a reference 
temperature T 0 for determining whether the engine 
operation is to be switched from a lean air-fuel ratio 
operation to a rich air-fuel ratio operation is ob- 
tained in accordance with the average temperature 

30 Have based on a map shown in FIG. 14. In the 
map, the relationship between To and Tave is pre- 
determined such that in the vicinity of 500°, the 
higher Tave, the higher To is. Then, the routine 
proceeds, to step 708 where a decision is made as 

35 to whether or not the current NOx absorbent tem- 
perature Ta is higher than the reference tempera- 
ture To. If Ta is not higher than To, the routine 
proceeds to step 212, and if Ta is higher than T 0 , 
the condition is deemed to be in a lean air-fuel 

40 ratio condition and the routine proceeds to step 
210 where the air-fuel ratio is changed from a lean 
air-fuel ratio to a rich air-fuel ratio so that the 
oxygen concentration of the exhaust gas is de- 
creased. Other structures and operation of the sev- 

45 enth embodiment of the invention are the same as 
those of the second embodiment of the invention. 

FIG. 15 illustrates the eighth embodiment of 
the invention. The condition where recovery of the 
SOx-poisoned NOx absorbent is conducted should 

50 be limited to the condition where the exhaust gas 
includes excess oxygen and where the exhaust gas 
or NOx absorbent temperature is high, for improv- 
ing the fuel economy. Since the NOx absorbent 
has a large heat capacity, when the NOx absorbent 

55 temperature rises above 500 # C, the NOx absor- 
bent temperature will not immediately decrease in 
response to a decrease in the exhaust gas tem- 
perature though the exhaust gas temperature de- 
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creases to a temperature lower than 500 "C. As a 
result, switching from the stoichiometric or rich air- 
fuel ratio to a lean air-fuel ratio is delayed, and fuel 
economy decreases. To prevent this delay in 
switching the air-fuel ratio, in the eighth embodi- 5 
ment of the invention, a switching temperature from 
a stoichiometric or rich air-fuel ratio to a lean air- 
fuel ratio is set lower than a switching temperature 
from a lean air-fuel ratio to a stoichiometric or rich 
air-fuel ratio, for example set lower by 50 • C than a 10 
maximum NOx absorbent temperature, so that the 
engine operation can easily return to a lean air-fuel 
ratio operation. 

More particularly, as illustrated in FIG. 15, 
steps 802-814 are added to the routine of FIG. 9. 75 
The routine proceeds from step 206 to step 802 
and then to 804 so that a maximum NOx absorbent 
temperature Tmax is stored. Then, the routine pro- 
ceeds to step 806 where a decision is made as to 
whether the engine is in a rich air-fuel ratio opera- 20 
tion referring to rich control flag. If the engine is in 
a lean air-fuel ratio operation, the routine proceeds 
to step 208 where a decision is made whether or 
not the maximum temperature Tmax which the 
NOx absorbent has experienced exceeds a switch- 25 
ing temperature (for example, 500 *C). If Tmax 
exceeds the switching temperature, the routine pro- 
ceeds to step 210 where the air-fuel ratio is 
changed from the lean ratio to a stoichiometric or 
rich ratio, and then the routine proceeds to step 30 
814. At step 814, the rich control flag is set and 
then the routine proceeds to step 212. If Tmax is 
equal to or lower than 500 ' C at step 208, it is 
deemed that the lean air-fuel operation may be 
continued, and the routine proceeds to step 812. At 35 
step 812, the rich control flag is reset (lean control 
flag Is set), and the routine proceeds to step 212. 

At the next cycle, after passing through step 
814, the routine proceeds from step 806 to 808 so 
that the stoichiometric or rich air-fuel ratio opera- 40 
tion is continued. When the exhaust gas tempera- 
ture decreases, the NOx absorbent temperature Ta 
decreases. If it is determined at step 808 that Ta 
has decreased to a temperature lower than the 
temperature of Tmax-50*C, the routine proceeds 45 
from step 808 to step 810 where Tmax is cleared 
to zero, and the routine proceeds to step 812. At 
step 812, the rich control flag is reset, and then at 
step 212 the lean air-fuel ratio operation is contin- 
ued. If Ta is equal to or higher than the tempera- 50 
ture of Tmax-50*C, the stoichiometric or rich air- 
fuel operation is continued. By this control, the 
reference temperature for switching the engine op- 
eration from the stoichiometric or rich air-fuel ratio 
operation to a lean air-fuel ratio operation can be 55 
set lower than the reference temperature for 
switching the engine operation from the lean air- 
fuel ratio operation to a stoichi metric or rich air-fuel 



ratio operation, so that the engine operation can be 
smoothly returned to a lean air-fuel ratio operation. 
Other structures and operation of the eighth em- 
bodiment of the invention are the same as those of 
the second embodiment of the invention. 

FIG. 16 illustrates the ninth embodiment of the 
invention. In the ninth embodiment, means (steps 
902 and 904) are added to the routine of the eighth 
embodiment, for returning the rich air-fuel operation 
to a lean air-fuel ratio operation independently of 
the NOx absorbent temperature if the rich air-fuel 
ratio operation continues for a predetermined time 
period (for example, ten minutes) so that the opera- 
tion is sure to return to the lean air-fuel ratio 
operation. 

More particularly, if it is determined at step 808 
that Ta is higher than Tmax-50 • C and the rich air- 
fuel ratio operation is to be continued, the routine 
proceeds to step 902 where the rich air-fuel opera- 
tion period is counted. Then, the routine proceeds 
to step 904 where a decision is made as to wheth- 
er the counted period exceeds a predetermined 
period, for example 10 minutes. If the counted 
period exceeds the predetermined period, the rou- 
tine proceeds to step 810 and then step 812 where 
the operation is switched to a lean air-fuel ratio 
operation. If the counted period does not exceed 
the predetermined period, it is deemed that the 
rich air-fuel ratio may be continued, and the routine 
proceeds to step 210. Other structures and opera- 
tion of the ninth embodiment of the invention are 
the same as those of the eighth embodiment of the 
invention. 

FIG. 17 illustrates the tenth embodiment of the 
invention. As discussed above, since the heat ca- 
pacity of the NOx absorbent is large, if the oxygen 
concentration control is conducted based on the 
NOx absorbent temperature, switching from the 
rich air-fuel ratio to a lean air-fuel ratio is delayed. 
This delay will be accompanied by a decrease in 
fuel economy. Contrarily, since the NOx absorbent 
inlet temperature alters largely, if the oxygen con- 
centration control is conducted based on the NOx 
absorbent inlet temperature, the air-fuel ratio may 
be switched from the lean air-fuel ratio to a rich air- 
fuel ratio too early. That is also accompanied by a 
decrease in fuel economy. In order to prevent this, 
in the tenth embodiment, switching from a lean air- 
fuel ratio to a stoichiometric or rich air-fuel ratio is 
conducted based on an NOx absorbent outlet gas 
temperature and switching from a stoichiometric or 
rich air-fuel ratio to a lean air-fuel ratio is con- 
ducted based on an NOx absorbent inlet gas tem- 
perature. Thus, an operating condition detecting 
means of the tenth embodiment of the invention 
includes both the inlet gas temperature 10 and an 
outlet gas temperature 10A (see FIGS. 1 and 2). 
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More particularly, as illustrated in FIG. 17, 
steps 1002-1014 are added to the routine of the 
second embodiment (FIG. 9). The routine proceeds 
from step 204 to step 1002 and then to step 1004 
where the current inlet gas temperature Tin and 5 
outlet gas temperature Tout of the NOx absorbent 
are entered. Then, at step 1006, a decision is 
made referring to the rich control flag as to whether 
or not the engine is in a stoichiometric or rich air- 
fuel ratio operation. If the engine is not in a 10 
stoichiometric or rich air-fuel ratio operation, the 
routine proceeds to step 1008 where a decision is 
made as to whether or not the current NOx absor- 
bent outlet temperature Tout exceeds a predeter- 
mined temperature (for example, 500 *C). If Tout . 75 
exceeds the predetermined temperature, the rou- 
tine proceeds to step 210 where the engine opera- 
tion is changed to a stoichiometric operation. Then, 
the routine proceeds to step 1014 where the rich 
control flag is set. Then, the routine proceeds to 20 
step 212. If Tout is equal to or lower than 500* C at 
step 1008, it is deemed that the lean air-fuel opera- 
tion may be continued, and the routine proceeds to 
step 1010 where the rich control flag is reset. Then, 
the routine proceeds to step 212. If the engine is in 25 
a rich air-fuel operation at step 1006, the routine 
proceeds to step 1012 where a decision is made 
as to whether the NOx absorbent inlet temperature 
Tin exceeds a predetermined temperature (for ex- 
ample, 400 *C). If Tin is lower than the predeter- 30 
mined temperature, it is deemed that the lean air- 
fuel ratio operation may be continued, and the 
routine proceeds to step 1010. If Tin is higher than 
the predetermined temperature at step 1012, the 
routine proceeds to step 210 and the stoichiometric 35 
or rich air-fuel operation is continued. Other struc- 
tures and operation of the tenth embodiment of the 
invention are the same as those of the second 
embodiment of the invention. 

In accordance with the present invention, since 40 
the oxygen concentration of exhaust gas is de- 
creased when the exhaust gas is in an excess 
oxygen condition and the exhaust gas or NOx 
absorbent temperature is high, the sulfate absorbed 
in the NOx absorbent is reduced to S0 2 which is 45 
easily released from the NOx absorbent so that the 
SOx-poisoned NOx absorbent is recovered and the 
durability of the exhaust gas purification apparatus 
is improved. 

50 

Claims 

1. An exhaust gas purification apparatus for an 
internal combustion engine comprising: 

an internal combustion engine (2) capable 55 
of fuel combustion at lean air-fuel ratios and an 
exhaust conduit (4) connected to the engine 
(2); 



an NOx absorbent (6, 6A) installed in the 
exhaust conduit (4) and including at least one 
element selected from the group consisting of 
alkaline earth, rare-earth, alkaline metals, and 
oxides of alkaline earth, rare-earth, and alkaline 
metals, the NOx absorbent (6, 6A) absorbing 
NOx included in exhaust gas having excess 
oxygen therein and releasing the NOx which 
the NOx absorbent (6, 6A) has absorbed when 
an oxygen concentration of the exhaust gas 
decreases; and 

operating condition detecting means (10, 
10A, 12, 14, 18) for detecting an operating 
condition of the engine (2), 
characterized in that said exhaust gas purifica- 
tion apparatus further comprises: 

operating condition determining means for 
determining whether the exhaust gas includes 
excess oxygen and for determining whether 
one of an exhaust gas temperature and an 
NOx absorbent temperature is high; and 

exhaust gas oxygen concentration control 
means for decreasing the oxygen concentra- 
tion of the exhaust gas flowing into the NOx 
absorbent (6, 6A) when the operating condition 
determining means determines that the ex- 
haust gas includes excess oxygen and that 
one of an exhaust gas temperature and an 
NOx absorbent temperature is high, 

2. An apparatus according to claim 1 , further 
comprising a three-way catalyst (6B) installed 
in the exhaust conduit (4) downstream of the 
NOx absorbent (6A). 

3. An apparatus according to claim 1 , wherein the 
NOx absorbent (6A) comprises a Ba-Cu-0 
base absorbent. 

4. An apparatus according to claim 1 , wherein the 
operating condition detecting means includes 
an engine speed sensor (14) and an engine 
load sensor (1 2). 

5. An apparatus according to claim 1 , wherein the 
operating condition determining means deter- 
mines that the exhaust gas or NOx absorbent 
temperature is high when the exhaust gas tem- 
perature is higher than 550 *C or the NOx 
absorbent temperature is higher than 500 • C. 

6. An apparatus according to claim 1, wherein the 
exhaust gas oxygen concentration control 
means includes means for repeatedly decreas- 
ing the exhaust gas oxygen concentration by 
controlling fuel injection so that the oxygen 
concentration of the exhaust gas is repeatedly 
decreased. 
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7. An apparatus according to claim 6, wherein the 
means for repeatedly decreasing the exhaust 
gas oxygen concentration includes means for 
controlling the fuel injection so that a sequence 

of a lean, air-fuel ratio operation conducted for 5 
a first time period, followed by a rich air-fuel 
ratio operation conducted for a second time 
period, is repeated. 

8. An apparatus according to claim 7, wherein the w 
first time period is about two minutes and the 
second time period is about three seconds. 

9- An apparatus according to claim 1, wherein the 

exhaust gas oxygen concentration control 75 
means includes means for continuously de- 
creasing exhaust gas oxygen concentration in 
order to decrease the exhaust gas oxygen 
concentration and maintain the decreased oxy- 
gen concentration for a predetermined time 20 
period. 

10. An apparatus according to claim 1, wherein the 
exhaust gas oxygen concentration control 
means includes a fuel cutting ceasing means 25 
for ceasing fuel cutting when the exhaust gas 
includes excess oxygen and one of the ex- 
haust gas temperature and the NOx absorbent 
temperature is high. 

30 

11. An apparatus according to claim 10, wherein 
the condition where fuel cutting is to be con- 
ducted is a deceleration condition. 

12. An apparatus according to claim 1, wherein the 35 
operating condition determining means in- 
cludes means for determining whether one of a 
current exhaust gas temperature and an NOx 
absorbent temperature is within a predeter- 
mined temperature range, and wherein the ex- aq 
haust gas oxygen concentration control means 
decreases the oxygen concentration only when 

one of the current exhaust gas temperature 
and the NOx absorbent temperature is within 
the predetermined temperature range. 45 

13. An apparatus according to claim 12, wherein 
the predetermined temperature range is a 
range of 550*C-750'C in exhaust gas tem- 
perature and a range of 500 • C-700 * C in NOx 50 
absorbent temperature. 

14. An apparatus according to claim 1, wherein the 
operating condition determining means in- 
cludes means for determining whether one of a 55 
current exhaust gas temperature and an NOx 
absorbent temperature is within a predeter- 
mined temperature range, and wherein the ex- 



haust gas oxygen concentration control means 
includes means for delaying an objective igni- 
tion timing when one of the current exhaust 
gas temperature and the NOx absorbent tem- 
perature is within the predetermined tempera- 
ture range. 

15. An apparatus according to claim 14, wherein 
the predetermined temperature range is a 
range of 550'C-750°C in exhaust gas tem- 
perature and a range of 500 # C-700 *C in NOx 
absorbent temperature. 

16. An apparatus according to claim 1, wherein the 
operating condition detecting means includes a 
vehicle speed sensor (18) and wherein the 
operating condition determining means in- 
cludes means for determining whether or not 
an exhaust gas or NOx absorbent temperature 
is high by determining whether a current ve- 
hicle speed detected by the vehicle speed 
sensor (18) is at least as great as a predeter- 
mined speed. 

17. An apparatus according to claim 1, wherein the 
predetermined speed is about 100 Km/h. 

18. An apparatus according to claim 1, wherein the 
exhaust gas oxygen concentration control 
means includes means for modifying a refer- 
ence temperature for switching an engine op- 
eration from a lean air-fuel operation to a rich 
air-fuel operation so that the higher the tem- 
peratures that the NOx absorbent (6, 6A) has 
experienced, the higher the reference tempera- 
ture is. 

19. An apparatus according to claim 1, wherein the 
exhaust gas oxygen concentration control 
means includes means for decreasing the ex- 
haust gas oxygen concentration to allow an 
NOx absorbent temperature to rise when the 
NOx absorbent temperature exceeds a pre- 
determined temperature, storing a highest tem- 
perature that the NOx absorbent experiences, 
and ceasing the operation of decreasing the 
exhaust gas oxygen concentration when the 
NOx absorbent temperature decreases to a 
temperature lower than the stored highest tem- 
perature by a predetermined temperature de- 
crement. 

20. An apparatus according to claim 19, wherein 
the predetermined temperature is about 500 # C 
and the predetermined temperature decrement 
is about 50 • C. 
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21. An apparatus according to claim 1, wherein the 
exhaust gas oxygen concentration control 
means includes means for ceasing an engine 
operation at lean air-fuel ratios and for stop- 
ping the ceasing of the lean air-fuel ratio op- 5 
eration independently of an NOx absorbent 
temperature when a predetermined time period 

has elapsed since the lean air-fuel operation 
has ceased. 

10 

22. An apparatus according to claim 21, wherein 
the predetermined time period is about ten 
minutes. 

23. An apparatus according to claim 1 , wherein the 75 
operating condition detecting means includes 
means (10) for detecting an inlet gas tempera- 
ture of the NOx absorbent and means (10A) for 
detecting an outlet gas temperature of the NOx 
absorbent (6, 6A), and wherein the exhaust gas 20 
oxygen concentration control means includes 
means for decreasing the exhaust gas oxygen 
concentration when the outlet gas temperature 

of the NOx absorbent (6, 6 A) exceeds a first 
predetermined temperature, and wherein the 25 
exhaust gas oxygen concentration decreasing 
operation is stopped when the inlet gas tem- 
perature of the NOx absorbent (6, 6A) de- 
creases to a temperature below a second pre- 
determined temperature, wherein the second 30 
predetermined temperature is lower than the 
first predetermined temperature. 

24. An apparatus according to claim 23, wherein 

the means for detecting an outlet gas tempera- 35 
ture of the NOx absorbent comprises a tem- 
perature sensor (10A) installed downstream of 
the NOx absorbent (6, 6A). 

25. An apparatus according to claim 23, wherein , 40 
the first predetermined temperature is about 

500 *C and the second predetermined tem- 
perature is about 400 • C. 

Patentanspruche 45 

1. Abgasreinigungsgerat fur eine Brennkraftma- 
schine, mit: 

einer Brennkraftmaschine (2), die zur 
Treibstoffverbrennung bei mageren Luft-Treib- 50 
stoff-Verhaltnissen geeignet ist, und einer mit 
der Brennkraftmaschine (2) verbundenen Ab- 
gasleitung (4); 

einem in der Abgasleitung (4) angeordne- 
ten NO x -Absorbienten (6, 6A), der zumindest 55 
ein Element enthalt, das aus der Gruppe aus- 
gewahlt wird, die aus Erdalkalien, Seltenen Er- 
den, Alkalimetallen sowie Oxiden von Erdalka- 



lien, Seltenen Erden und Alkalimetallen be- 
steht, wobei der NO x -Absorbient (6, 6A) in dem 
UberschuB-Sauerstoff enthaltenden Abgas ent- 
haltenes NO x absorbiert, und das NO x freisetzt. 
das der NO x -Absorbient (6, 6A) absorbiert hat, 
wenn sich die Sauerstoffkonzentration des Ab- 
gases verringert; und 

eine Betriebszustands-Erfassungseinrichtung 
(10, 10A, 12, 14, 18) zum Erfassen eines Be- 
triebszustands der Brennkraftmaschine (2), 
gekennzeichnet durch: 

• eine Betriebszustands-Bestimmungsein- 
richtung zum Bestimmen, ob das Abgas Uber- 
schuB-Sauerstoff enthalt und zum Bestimmen, 
ob eine Abgastemperatur und eine NO x - 
Absorbiententemperatur hoch ist; und 
eine Abgas-Sauerstoffkonzentrations-Steue- 
rungseinrichtung zum Verringern der Sauer- 
stoffkonzentration des Abgases, das in den 
NO x -Absorbienten (6, 6A) stromt, wenn die Be- 
triebszustands-Bestimmungseinrichtung be- 
stimmt, dafi das Abgas UberschuB-Sauerstoff 
enthalt und daB eine Abgastemperatur eine 
NO x -Absorbiententemperatur hoch ist. 

2. Gerat nach Anspruch 1, 
gekennzeichnet durch 

einen unterstromig des NO x -Absorbienten (6A) 
in der Abgasleitung (4) angeordneten Drei- 
Wege-Katalysator (6B). 

3. Gerat nach Anspruch 1 , 
dadurch gekennzeichnet, dafl 

der NO x -Absorbient (6A) einen Ba-Cu-0 ba- 
sierten Absorbienten umfaBt. 

4. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, daB 

die Betriebszustands-Erfassungseinrichtung ei- 
nen Motordrehzahlsensor (14) und einen Mo- 
torlastsensor (12) umfaBt 

5. Gerat nach Anspruch 1 , 
dadurch gekennzeichnet, daB 

die Betriebszustands-Bestimmungseinrichtung 
bestimmt, daB die Abgas- Oder NOx-Absorbien- 
tentemperatur hoch ist, wenn die Abgastempe- 
ratur ho her als 550 'C Oder die NOx-Absor- 
biententemperatur hoher als 500 *C ist. 

6. Gerat nach Anspruch 1 , 
dadurch gekennzeichnet, daB 

die Abgas-Sauerstoffkonzentrations-Steue- 
rungseinrichtung eine Einrichtung zum wieder- 
holten Verringern der Abgas-Sauerstoffkonzen- 
tration enthalt, indem die Treibstoffeinspritzung 
so gesteuert wird, daB die Sauerstoffkonzentra- 
tion des Abgases wiederholt verringert wird. 
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7. Gerat nach Anspruch 6, 
dadurch gekennzeichnet, dafi 

die die Abgas-Sauerstoffkonzentration wieder- 
holt verringernde Einrichtung eine Einrichtung 
zum Steuern der Treibstoffeinspritzung enthalt, 5 
so daB eine Sequenz eines Betriebs bei mage- 
rem Luft-Treibstoff-Verhaltnis fur eine erste 
Zeitperiode, gefolgt von einem Betrieb bei ei- 
nem fetten Luft-Treibstoff-Verhaltnis fiir eine 
zweite Zeitperiode wiederholt durchgefuhrt 10 
wird. 

8. Gerat nach Anspruch 7, 
dadurch gekennzeichnet, dafi 

die erste Zeitperiode etwa 2 Minuten betragt 75 
und die zweite Zeitperiode etwa 3 Sekunden 
betragt. 

9. Gerat nach Anspruch 1 , 

dadurch gekennzeichnet, dafi 20 

die Abgas-Sauerstoffkonzentrations-Steue- 
rungseinrichtung eine Einrichtung enthalt, urn 
die Abgas-Sauerstoffkonzentration kontinuier- 
lich zu verringern, um die Abgas-Sauerstoff- 
konzentration zu verringern und die verringerte 25 
Sauerstoffkonzentration fiir eine vorbestimmte 
Zeitperiode beizubehalten. 

10. Gerat nach Anspruch 1, 

dadurch gekennzeichnet, dafi 30 

die Abgas-Sauerstoffkonzentrations-Steue- 
rungseinrichtung eine Treibstoffabschaltungs- 
Aussetzeinrichtung zum Aussetzen der Treib- 
stoffabschaltung enthalt, wenn das Abgas 
Uberschufi-Sauerstoff enthalt, und die Abgas- 35 
temperatur oder die NO x -Absorbiententempera- 
tur hoch ist. 

11. Gerat nach Anspruch 10, 

dadurch gekennzeichnet, dafi 40 

der Zustand, in dem die Treibstoffabschaltung 
durchzufuhren ist, ein Verzogerungszu stand 
ist. 

12. Gerat nach Anspruch 1, 45 
dadurch gekennzeichnet, dafi 

die Betriebszustands-Bestimmungseinrichtung 
eine Einrichtung zum Bestimmen, ob die der- 
zeitige Abgastemperatur oder die NO x -Absor- 
biententemperatur innerhalb eines vorbestimm- 50 
ten Temperaturbereiches ist, und daB die Ab- 
gas-Sauerstoffkonzentrations- 
Steuerungseinrichtung die Sauerstoffkonzentra- 
tion nur verringert, wenn die derzeitige Abgas- 
temperatur oder die NO x -Absorbiententempera- 55 
tur innerhalb des vorbestimmten Temperatur- 
bereiches ist. 



13. Gerat nach Anspruch 12, 
dadurch gekennzeichnet, dafi 

der vorbestimmte Temperaturbereich ein Be- 
reich von 550 'C bis 750 *C fur die Abgas- 
temperatur und ein Bereich von 500 °C bis. 
700 *C fur die NO x -Absorbiententemperatur 
ist. 

14. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, dafi 

die Betriebszustands-Bestimmungseinrichtung 
eine Einrichtung zum Bestimmen, ob die der- 
zeitige Abgastemperatur oder die NOx-Absor- 
biententemperatur innerhalb eines vorbestimm- 
ten Temperaturbereichs ist, und daB die Ab- 
gas-Sauerstoffkonzentrations- 
Steuerungseinrichtung eine Einrichtung zum 
Verzogern eines Soll-Zundzeitpunkts enthalt, 
wenn die derzeitige Abgastemperatur oder die 
NOx-Absorbiententemperatur innerhalb des 
vorbestimmten Temperaturbereiches ist. 

15. Gerat nach Anspruch 14, 
dadurch gekennzeichnet, dafi 

der vorbestimmte Temperaturbereich ein Be- 
reich von 550 a C bis 750 °C fiir die Abgas- 
temperatur und ein Bereich von 500 *C bis 
700 *C fur die NO x -Absorbiententemperatur 
ist. 

16. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, dafi 

die Betriebszustands-Erfassungseinrichtung ei- 
nen Fahrzeuggeschwindigkeitssensor (18) ent- 
halt, und daB die Betriebszustands-Bestim- 
mungseinrichtung eine Einrichtung enthalt, um 
zu bestimmen, ob eine Abgas- oder NOx-Ab- 
sorbiententemperatur hoch ist Oder nicht, in- 
dem bestimmt wird, ob eine derzeitige yon 
dem Fahrzeuggeschwindigkeitssensor (18) er- 
fafite Fahrzeuggeschwindigkeit zumindest so 
groB wie eine vorbestimmte Geschwindigkeit 
ist. 

17. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, dafi 

die vorbestimmte Geschwindigkeit etwa 100 
km/h betragt. 

18. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, dafi 

die Abgas-Sauerstoffkonzentrations-Steue- 
rungseinrichtung eine Einrichtung zum Modifi- 
zieren einer Bezugstemperatur zum Umschal- 
ten eines Motorbetriebs von einem Betrieb bei 
einem magerem Luft-Treibstoff-Verhaltnis zu 
einem Betrieb bei einem fetten Luft-Treibstoff- 
Verhaltnis enthalt, so dafi die Bezugstempera- 
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tur urn so hdher ist, je hoher die Temperaturen 
waren, denen der NO x -Absorbient (6, 6A) aus- 
gesetzt war. 

1 9. Gerat nach Anspruch 1 , 
dadurch gekennzeichnet, daft 

die Abgas-Sauerstoffkonzentrations-Steu- 
ervngseinrichtung eine Einrichtung zum Verrin- 
gern der Abgas-Sauerstoffkonzentration ent- 
halt, urn ein Ansteigen der NO x -Absorbienten- 
temperatur zu erlauben, wenn die NO x -Absor- 
biententemperatur eine vorbestimmte Tempe- 
ratur iiberschreitet, Speichern der hochsten 
Temperatur, der der NO x -Absorbient ausge- 
setzt ist, und Aussetzen der Funktion des Ver- 
ringerns der Abgas-Sauerstoffkonzentration, 
wenn die NO x -Absorbiententemperatur sich auf 
eine Temperatur verringert, die urn eine vorbe- 
stimmte Temperaturdifferenz niedriger ist als 
die gespeicherte hochste Temperatur. 

20. Gerat nach Anspruch 1 9, 
dadurch gekennzeichnet, daft 

die vorbestimmte Temperatur etwa 500 *C 
betragt und die vorbestimmte Temperaturdiffe- 
renz etwa 50 • C betragt. 

21. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, daft 

die Abgas-Sauerstoffkonzentrations-Steue- 
rungseinrichtung eine Einrichtung zum Ausset- 
zen eines Motorbetriebs bei mageren Luft- 
Treibstoff-Verhaltnissen und zum Anhalten des 
Aussetzens des Betriebs bei dem mageren 
Luft-Treibstoff-Verhaltnis unabhangig von einer 
NO x -Absorbiententemperatur enthalt, wenn 
eine vorbestimmte Zeitperiode vergangen ist. 
seit der Betrieb bei dem mageren Luft-Treib- 
stoff-Verhaltnis ausgesetzt wurde. 

22. Gerat nach Anspruch 21 , 
dadurch gekennzeichnet, daft 

die vorbestimmte Zeitperiode etwa zehn Minu- 
ten betragt. 

23. Gerat nach Anspruch 1, 
dadurch gekennzeichnet, daft 

die Betriebszustands-Erfassungseinrichtung 
eine Einrichtung (10) zum Erfassen einer Ein- 
laftgastemperatur des NO x -Absorbienten und 
eine Einrichtung (10A) zum Erfassen einer 
AuslaBgastemperatur des NO x -Absorbienten (6, 
6A) enthalt, und da0 die Abgas-Sauerstoffkon- 
zentrations-Steuerungseinrichtung eine Einrich- 
tung zum Verringern der Abgas-Sauerstoffkon- 
zentration enthalt, wenn die AuslaBgastempera- 
tur des NO x -Absorbienten (6, 6A) eine erste 
vorbestimmte Temperatur iiberschreitet, und 



daB der Vorgang des Verringerns der Abgas- 
Sauerstoffkonzentration gestoppt wird, wenn 
die Einlaflgastemperatur des NO x -Absorbienten 
(6, 6A) sich auf eine Temperatur unterhalb 
5 einer zweiten vorbestimmten Temperatur ver- 

ringert, wobei die zweite vorbestimmte Tempe- 
ratur geringer als die erste vorbestimmte Tem- 
peratur ist. 

w 24. Gerat nach Anspruch 23, 

dadurch gekennzeichnet, daft 

die Einrichtung zum Erfassen einer Auslaftgas- 
temperatur des NO x -Absorbienten einen Tem- 
peratursensor (10A) umfaBt, der unterstromig 
T5 des NO x -Absorbienten (6, 6A) angeordnet ist. 

25. Gerat nach Anspruch 23, 

dadurch gekennzeichnet, daft 

die erste vorbestimmte Temperatur etwa 500 
20 • C betragt und die zweite vorbestimmte Tem- 

peratur etwa 400 ■ C betragt. 

Re vend i cations 

25 1. Dispositif depuration de gaz d'echappement 
pour moteur a combustion comprenant : 

un moteur (2) a combustion interne pou- 
vant effectuer la combustion d'un carburant 
avec des rapports air-carburant pauvres et un 

30 tuyau (4) d'echappement relie au moteur (2); 

un absorbant (6, 6A) de NOx install dans 
le tuyau (4) d'echappement et comportant au 
moins un element seMectionne dans le groupe 
constitue* de mStaux alcalino-terreux, de terres 

35 rares et alcalins, et d'oxydes de metaux alcali- 

no-terreux, de terres rares et alcalins, I'absor- 
bant (6, 6A) de NOx absorbant le NOx present 
dans le gaz d'echappement qui contient un 
exces d'oxygene et libelant le NOx que Pab- 

40 sorbant (6, 6A) a absorbe lorsque la concentra- 

tion en oxygene du gaz d'echappement dimi- 
nue; et 

un moyen (10, 10A, 12, 14, 18) de detec- 
tion de condition de fonctionnement pour de- 
45 teeter une condition de fonctionnement du mo- 

teur (2), . 

caracteVise* en ce que ledit dispositif 
depuration de gaz d'echappement comprend 
en outre : 

so un moyen de determination de condition 

de fonctionnement pour determiner si le gaz 
d'echappement contient un exces d'oxygene 
et pour determiner si I'une de la temperature 
de gaz d'echappement et de la temperature de 

55 I'absorbant de NOx est eievee; et 

un moyen de commande de la concentra- 
tion en oxygene du gaz d'echappement pour 
reduire la concentration en oxygene du gaz 
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d'echappement s'ecoulant dans I'absorbant (6, 
6A) de NOx lorsque le moyen de determina- 
tion de condition de fonctionnement determine 
que le gaz d'echappement contient un exces 
d'oxygene et que Tune de la temperature du 5 
gaz d'echappement et de la temperature de 
I'absorbant de NOx est £lev£e. 

2. Dispositif selon la revendication 1 , comprenant 

en outre un catalyseur (6B) a trois voies instal- 10 
le dans le tuyau (4) d'echappement en aval de 
I'absorbant (6A) de NOx. 

3. Dispositif selon la revendication 1 , dans lequel 
I'absorbant (6A) de NOx comprend un absor- 15 
bant a base de Ba-Cu-O. 

4. Dispositif selon la revendication 1 , dans lequel 
le moyen de detection de condition de fonc- 
tionnement comporte un capteur (14) de vites- 20 
se du moteur et un capteur (12) de charge du 
moteur. 

5. Dispositif selon la revendication 1, dans lequel 

le moyen de determination de condition de 25 
fonctionnement determine que la temperature 
du gaz d'echappement ou de I'absorbant de 
NOx est eiev^e lorsque la temperature du gaz 
d'echappement est superieure a 550 *C ou 
lorsque la temperature de I'absorbant de NOx 30 
est superieure a 500 • C. 

6. Dispositif selon la revendication 1 , dans lequel 
le moyen de commande de la concentration en 
oxygene du gaz d'echappement comporte un 35 
moyen pour faire decrottre de fagon repetee la 
concentration en oxygene du gaz d'echappe- 
ment en commandant I'injection de carburant 
pour faire decroitre de fagon repetee la 
concentration en oxygene du gaz d'echappe- 40 
ment. 

7. Dispositif selon la revendication 6, dans lequel 
le moyen pour faire decroitre de fagon repetee 

la concentration en oxygene du gaz d'echap- 45 
pement comporte un moyen pour commander 
I'injection de carburant de fagon a repeter une 
sequence d'un fonctionnement a rapport air- 
carburant pauvre pendant une premiere perio- 
de, suivi d'un fonctionnement a rapport air- 50 
carburant riche pendant une seconde periode. 

8. Dispositif selon la revendication 7, dans lequel 
la premiere periode est d'environ deux minutes 

et la seconde periode est d'environ trois se- 55 
condes. 



9. Dispositif selon la revendication 1 , dans lequel 
le moyen de commande de la concentration en 
oxygene du gaz d'echappement comporte un 
moyen pour faire decroitre de fagon continue 
la concentration en oxygene du gaz d'echap- 
pement afin de faire decrottre la concentration 
en oxygene du gaz d'echappement et de 
maintenir une concentration reduite en oxyge- 
ne pendant une periode predeterminee. 

10. Dispositif selon la revendication 1, dans lequel 
le moyen de commande de la concentration en 
oxygene du gaz d'echappement Comporte un 
moyen pour faire cesser la coupure d'alimenta- 
tion en carburant pour cesser de couper I'ali- 
mentation en carburant lorsque le gaz d'echap- 
pement contient un exces d'oxygene et lors- 
que Tune de la temperature du gaz d'echappe- 
ment et de la temperature de I'absorbant de 
NOx est eievee. 

11. Dispositif selon la revendication 1, dans lequel 
la condition dans laquelle la coupure de I'ali- 
mentation en carburant doit etre effectuee est 
une condition de deceleration. 

12. Dispositif selon la revendication 1, dans lequel 
le moyen de determination de condition de 
fonctionnement comporte un moyen pour de- 
terminer si Tune de la temperature courante du 
gaz d'echappement et de la temperature cou- 
rante de I'absorbant de NOx se situe dans un 
intervalle predetermine de temperatures, et 
dans lequel le moyen de commande de la 
concentration en oxygene du gaz d'echappe- 
ment ne fait decroitre la concentration en oxy- 
gene que lorsque I'une de la temperature cou- 
rante du gaz d'echappement et de la tempera- 
ture courante de I'absorbant de NOx se situe 
dans I'intervalle predetermine de temperatures. 

13. Dispositif selon la revendication 12, dans le- 
quel I'intervalle predetermine de temperatures 
est un intervalle de 550 • C-750 • C pour la tem- 
perature du gaz d'echappement et de 500 • C- 
700 ' C pour la temperature de I'absorbant de 
NOx. . 

14. Dispositif selon la revendication 1, dans lequel 
le moyen de determination de condition de 
fonctionnement comporte un moyen pour de- 
terminer si I'une de la temperature courante du 
gaz d'echappement et de la temperature cou- 
rante de I'absorbant de NOx se situe dans un 
intervalle predetermine de temperatures, et 
dans lequel le moyen de commande de la 
concentration en oxygene du gaz d'echappe- 
ment comporte un moyen pour retarder I'ins- 
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tant d'allumage cible lorsque Tune de la tem- 
perature courante du gaz d'echappement et de 
la temperature courante de I'absorbant de NOx 
se situe dans I'intervalle predetermine* de tem- 
peratures. 5 

15. Dispositif selon la revendication 14, dans le- 
quel Pintervalle predetermine* de temperatures 
est un intervalle de 550 • C-750 • C pour la tem- 
perature du gaz d'echappement et un intervalle w 
de 500*C-700*C pour la temperature de I'ab- 
sorbant de NOx. 

16. Dispositif selon la revendication 1, dans lequel 

le moyen de detection de condition de tone- 75 
tionnement comporte un capteur (18) de Vites- 
se du vehicule et dans lequel le moyen de 
determination de condition de fonctionnement 
comporte un moyen pour determiner si la tem- 
perature du gaz d'echappement ou de I'absor- 20 



v6e m£moris6e. 

20. Dispositif selon la revendication 19, dans le- 
quel la temperature pr^d^terminee est d'envi- 
ron 550* et la decroissance predetermined de 
la temperature est d'environ 50 0 C. 

21. Dispositif selon la revendication 1, dans lequel 
le moyen de commande de la concentration en 
oxygene du gaz d'echappement comporte un 
moyen pour cesser de faire fonctionner le mo- 
teur pour des rapports air-carburant pauvres et 
pour interrompre la cessation du fonctionne- 
ment a rapport air-carburant pauvre ind^pen- 
damment de la temperature de I'absorbant de 
NOx lorsqu'une periode predetermined s'est 
edouiee depuis que le fonctionnement a rap- 
port air-carburant pauvre a cesse. 

22. Dispositif selon la revendication 21, dans le- 
quel ia periode predetermined est d'environ dix 
minutes. 



bant de NOx est ou non eievee en determinant 
si la vitesse courante du vehicule detectee par 
le capteur (18) de vitesse du vehicule est au 
moins aussi grande qu'une vitesse predetermi- 
nee. 25 

17. Dispositif selon la revendication 1, dans lequel 
la vitesse pred£terminee est d'environ 100 
km/h. 

30 

18. Dispositif selon la revendication 1, dans lequel 
le moyen de commande de la concentration en 
oxygene du gaz d'echappement comporte un 
moyen pour modifier une temperature de refe- 
rence pour faire passer le fonctionnement du 35 
moteur d'un fonctionnement a rapport air-car- 
burant pauvre a un fonctionnement a rapport 
air-carburant riche de telle sorte que plus la 
temperature de I'absorbant (6, 6A) de NOx est 
elevee, plus la temperature de reference est 40 
eievee. 

19. Dispositif selon la revendication 1, dans lequel 
le moyen de commande de la concentration en 
oxygene du gaz d'echappement comporte un 45 
moyen pour faire decro?tre la concentration en 
oxygene du gaz d'echappement pour permet- 

tre une augmentation de la temperature de 
I'absorbant de NOx lorsque la temperature de 
I'absorbant de NOx depasse une temperature 50 
predetermined, pour memoriser la temperature 
la plus eievee que I'absorbant de NOx a pre- 
sents , et pour interrompre I'operation d'abais- 
sement de la concentration en oxygene du gaz 
ddchappement lorsque la temperature de Tab- 55 
sorbant de NOx subit une decroissance de 
temperature predetermined jusqu'a une tempe- 
rature inferieure a la temperature la plus eie- 



23. Dispositif selon la revendication 1 , dans lequel 
le moyen de detection de condition de fonc- 
tionnement comporte un moyen pour detecter 
la temperature de gaz ddntree de I'absorbant 
de NOx et un moyen (10A) pour detecter la 
temperature de gaz de sortie de I'absorbant (6, 
6A) de NOx, et dans lequel le moyen de 
commande de la concentration en oxygene du 
gaz d'echappement comporte un moyen pour 
faire decrortre la concentration en oxygene du 
gaz d'echappement lorsque la temperature de 
gaz de sortie de I'absorbant (6, 6A) de NOx 
depasse une premiere temperature predeter- 
mined, et dans lequel I'operation d'abaisse- 
ment de la concentration en oxygene du gaz 
d'echappement est interrompue lorsque la 
temperature de gaz d'entree de I'absorbant (6, 
6A) de NOx decro?t jusqu'a une temperature 
inferieure a une seconde temperature prede- 
termined, la seconde temperature predetermi- 
nee etant inferieure a la premiere temperature 
predeterminee. 

24. Dispositif selon la revendication 23, dans le- 
quel le moyen pour detecter la temperature de 
gaz de sortie de I'absorbant de NOx comprend 
un capteur (10A) de temperature installe en 
aval de I'absorbant (6, 6A) de NOx. 

25. Dispositif selon la revendication 23, dans le- 
quel la premiere temperature predeterminee 
est d'environ 500 *C et la seconde temperature 
predeterminee est d'environ 400 0 C. 
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